{loz;Alamos M‘ :
Physics with the PHENIX Muon Arms B

J/@’s, charm and forward hadrons

Mike Leitch - Los Alamos National Laboratory
leitch@lanl.gov

= Heavy-quark physics issues from pp and dAu F

towards AuAu
= shadowing, p; broadening, ..

= The PHENIX muon arms

= J/yp results from PHENIX

= Centrality dependence for J/y’s

= Open Charm- another window complementary to

J/ l|J’S s T
* Forward/backward hadrons from single muons i “FPhenix dAu oot
= Expectations for AuAu based on dAu results L orth Arm oo o
= Other future physics focuses ok 780 J/y's
= Summary . }H o~ 165 MeV

U J[ Trbr oo
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» Los Alamos

Physies-

Nuclear modification of parton level structure & dynamics

Modification of parton momentum distributions of Eskola Kolhinen, Vogt hep-ph/0104124

nucleons embedded in nuclei
* e.g. shadowing - depletion of low-momentum

partons

- Very low momentum fraction partons have large

size, overlap with neighbors, and fuse; thus

enhancing the population at higher momenta at the
expense of lower momenta
» color glass condensate - specific/fundamental

model that gives gluon shadowing in nuclei

Production of heavy vector mesons, e.g. J/¥W ¥

and Y

- production: color singlet or octet ccbar?

- hadronization time

» feed-down from higher mass resonances, e.qg. X,
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» Los Alamos Pnh"%'r

Nuclear modification of parton level structure & dynamics IT

800 GeV p-A (FNAL) o= o, *A®

Nuclear effects on parton “"dynamics” PRL 84, 3256 (2000); PRL 72, 2542 (1994)
. open charm: no A-dep
: l;ener'ggl rl\osT qf partons as they propagate ol 2t idrapidity
rough nuclei fﬁ%
- and (associated?) multiple scattering oo | LEF 353
effects (Cronin effect) o Eii
» absorption of J/y on nucleons or co- Tl e He[r |
movers; compared to no-absorption for oy | CDE™ I )
open charm production e s Ji I
0.6 : : : : :
dAu also baseline for AuAu J/y Quark Xe = X4=X,
Gluon Plasma (QGP) Signatur‘e ; USRI '“' ||Ill | |1' . lll |I|I||sltl L'Lilu.l: L:
° Debye Scrleening .‘ . % 300*: Sch | o b .'". s Tar 3y i
. ‘ = ] ]
predicted to destroy fo '.e. i;zsom-m+ﬂ.3 mb .
J / ysina QGP ® @ ‘ ‘ = 200_; t i L :
Color Scr 150—: +H DY rescal ith G o_:
] ' ++ + ]
* but recent charm r'ecombma‘non models wod Ty
might instead cause an enhancement? S E
0t e |

0 20 40 60 80 100 120 140
E, (GeV)
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» Los Alamos

J/y suppression in pA fixed-target

800 GeV p-A (FNAL)

10 r

08 r

o

B

Hadronized
JIP?

07 r

06

«——

at mid-rapidity

Eii /CC i
EJE{TE?EQ] T II

EBBEMNUSea
BOD GeV p+ A —» Jhy

F
« J/¥ and ¥ similar at large xg where they
both correspond to a CC traversing the

nucleus

* but ¥' absorbed more strongly than J/¥

0.4 0.6 0.8

X

0o 0.2 1.0

hear mid-rapidity (xg ~ O) where the

resonances are beginning to be hadronized

in nucleus

- open charm not suppressed (at xg ~ 0)

2/25/2004

open charm: no A{dep

R W/Be (CL‘ F)

*Kopeliovich, Tarasov, Hufner

I .

Phystcs-

Nucl Phys A696 (2001) 669-714

ng

Q2

1073 anti-shadowing
i N ]
0.9 ] 7
; Quark shadow;
0.8 - & final state
i I absorption
0.7 - P
0.6 ."'._“.4' Gluon
siradowint
0.5 .
0.4 + dE/AX\ | ]
0.3
E866 J/W¥ data
o2+
-0.1 0.1 0.3 0.5 0.7 0.9
XLF
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a{loz;Alamos @iﬁi‘
PHENIX Muon Arms designed, built, commissioned and
maintained by Los Alamos with help from
ORNL, PHENIX France, UNM, NMSU, Japan, Korea

and others
Entries 7220
Tty
+
'|'+ )
&
+ +pE
B Lo W
3 35 [} 15 5 55 6
My’ (GeVie)
Entries 1170
JIPsi Area 784.21 11.28
Centroid 3.076 £ 0.007076
Sigma 0.1649 £ 0.006849
expNorm 200+ 28.96
expSlope 1.4+ 0.02257
780 JIy’s
+cs ~ 165 MeV
U i_I_TJ_-f—I y e p—
3 15 4 45 5.|5 [
M _u‘ " (Geie)
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Physie;-

» Los Alamos

J/@ — p+u- Analysis for dAu & pp
Analysis led by LANL (Mike Leitch) South Muon Arm

 In PHENIX, J/v mostly produced by gluon

North Mugn Arm

N
“d

fusion, and thus sensitive to gluon pdf Yaikll
* Three rapidity ranges probe different
momentum fraction of Au partons O @
- South (y < -1.2) : large X, (in gold) ~ 0.090

- Central (y ~ 0) : infermediate X, ~0.020
- North (y > 1.2) : small X, (in gold) ~ 0.003

Example of predicted gluon shadowing in d+Au

gluons in Pb / gluons inp

rapidity y
1.3 I 1 IIIIIIII lllll. T T 1 LA X X
1.2 i LHC \ 1 2
L : . &
s=x Tl Jly in
(o] L
%‘ 1.0 South
= 09 <0
= I i y
oS08 k- o X, ‘Xz I
0.7 70 . . Jlyin
0.6 L i , 1 L From Eskola, Kolhinen, Vogt North
107 10 107 10 10 Nucl. Phys. A696 (2001) 729-746. y > 0
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. Los Alamos Pll‘%i_e'}"

PHENIX Preliminary 200 GeV
JY¥Y —>11, G,,=0, (2A)

1 .4 T T T T T T
L OEBEE/NuSea(0.3<x.<0.93)

dAu/pp versus py .. [EEEET

e Low x
1 -' '_'_'_' T :{;ﬁ -~ 0'0023
0.8 @egﬁ

{ L mdAue'e (x.~0) /”,*’_
pr broadening comparable | T
a L ff,.-"’ |
to lower energy 1ol BT )
(Vs = 39 GeV in E866) 8- -
0.8
| OEscNUSe(-0.1<x,<03) s
a 1 _jdr'—'«u South (xF-u—[i[ia-j E%Kf ] .
Ogp = 0, \2x197 | LY | High x,
1.0 -3

~ 0.09

e*e” analysis led by Xie Wei (Riverside) 98 |

0 1 2 3 4 5
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» Los Alamos

BR * do/dY(nb)

60 r

B
o

20 r

0

pp JM — PHENIX Preliminary 200 GeV

@ PHENIX Rund p'u”

Pythia GRV34HO
B PHENIX Run3e’e”

BR*6,,.= 159 nb

+-8.5%+-12.3%

PP

L accepted events

/ ’ Il
’ [ shape vrs rapidity m
gl [ " . . . ;d‘ il

-3 -2 -1 0 1 2

Rapidity

Cross section versus rapidity

dAu J/V — PHENIX Preliminary

25000 .
@®FHENIX p,+u_
W PHENIX e'e”
dAu
20000 f
g 15000 F {
b L
E [
[5) i E
2
o L
o 10000 1
5000 F _§_
CI ' 1 1 L L i 1 'l L i
-3 -2 —1 0 1 2

Rapidity

BR oyy =160 nb + 8.5 % (fit) + 12.3% (abs) - preliminary
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Los Alamos Pll\l‘::il%'}-—

dAu/pp versus rapidity

d-Au J/\¥ Ratios Rapidity dependence of o — PHENIX Preliminary
PHENIX Preliminary 200 GeV Jy—>py, o,= =G, (2A)"
16 T T T 11 T
RdA Low x, ~ 0.003 oc compared to lower s
14 (shadowing region) | -
1 % _______________ _
=127 e ) [} T
& A fanwguy
% ,"’ _ n\ o -1
6 R ] -
= / ‘ 09 i-I_ .
N -=-V
S / | NF 1st J/g’s at large
¥ 08t PEeI ®- | 3 . c ey X
) 2N S~ negative rapidity! «
= 5 \\‘\\'\" e -~ 08 | i 8
Sost / Moo s ] ' =
E @FHENIX W'y \‘\ o - !l_
5 04 | WPrENXSE L - | m £866/NuSea (39 GeV) [
o . — - — Kopeliovich N NA3 (19 GSV)
Vogt, FGS shad. + a=0.92 abzorp. \ 0.7 + ® PHENIX lﬁl_ (200 GeV) —
0o | T Vet ExSo8 no abeorp. N _ W PHENIX e’e” (200 GeV)
“ | Klein,Vogt, PRL 91:142301,2003
0 Kopeliovich, NP A696:669,2001 06 . | . .
-5 2.5 0 2.5 5 . -1 0 1 2 3

Rapidity Rapidity
Data favors (weak) shadowing + (weak) absorption (a. > 0.92)
With limited statistics difficult to disentangle nuclear effects

2nsnoos Will need another dAy run! (and more pp data also)



» Los Alamos

Physies-

o versus X,(X,,) compared to lower Vs

* Not universal versus X :

shadowing is not the
whole story.

- Energy loss expected to

be weak at RHIC energy
- But could it explain larger

suppression for lower
energy data?

2/25/2004
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PHENIX Pre]_tm_mary

E866: PRL 84, 3256 (2000)
NA3: ZP C20, 101 (1983)
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» Los Alamos

2.5

Rep

2 -

1.5

0.5 ¢

Physies-

Central/peripheral versus N,

JA¥ —> 1"l PHENIX Preliminary 200 GeV

Central/Peripheral (Rcp) vrs Number of Collisions

@' South (Y=-1.7)
M North (Y=1.8) T
e'e” (Y=0)
_ ®
High x,
~0.09 ® -
|
T
. - (4]
Low x, ~ 0.003
0 5 10 15 20
Number of Collisions
2/25/2004

cent perlph
R (N )_N X < Ny
Il
Ccp co N perlph>< < NceII >
Low and X, have small

variations
- Weak nuclear effects
- Small shadowing centrality
dependence
High x, has a steep rising shape
- Difficult to see how

antishadowing could be so steep
when shadowing is not?

Mike Leitch 11



» Los Alamos Pnﬂb"%'r

dAu / pp versus N,

PHENIX Preliminary 200 GeV
JY —> |.1 "W vrs Number of Collisions R GdAX < N CO|| >
R 16 T 2X197X0-pp><< NCO” >
dA I no absorption in Vogt calculations

Highx,~0.09 T s |- Low x, shape consistent with

R ~EK$ 1 shadowing models

g

gf 1 bl E ................................................... o ngh X2 Shape S.l.eeper, .l.han

Tos| \ oo g FSsadoung (Vog) corresponding antishadowing...

© - :

> $ [ - What could it be ?

o 06 — - .

S | @sat(v=—-17) - Effect of being closer to the Au
Qo4 _:ggﬂﬁ;ﬁs FGS shadowing (Vogt) |

_g% eNothminsas LOW X, ~ 0.003 frame ?

o
(8]
T

|

e.g. final-state effects in Au
nucleus remanant?

CI 1 1 i i i i 1 1 n i i i L L L i ' i 1
0 2 4 6 8 10 '12‘ ) 14 16 18 20
Number of Collisions

2/25/2004 Mike Leitch 12



yAN Physi
° S AlamMOS Pll i
oA Open Charm Physics s

Charm production (D mesons) is complementary to J/y studies
- shares the same initial-state effects - production mechanism, shadowing, p+

broadening
- but is different in the final-state - e.g. absorption only for J/y, final-state p+
broadeni ng... E866/NuSea, o = o, * A"
Open charm has little or no nuclear dependence in TE"T T "
the mid-rapidity (non shadowing) region: |
a=1.00+0.05 (E769 250GeV p+A) 0o | Eﬁ’ﬁ%ﬁ
a= 092006 (WAB2 3406eV p+rA) iy
a=102+003+002  (E789 800GeV p+A) e lr |
But significant nuclear suppression is reported in o] *DE JI;I j
the large xr (shadowing) region (WA78, a=0.81 + 0ot o oo iy I
0.05) which could be due to nuclear shadowing. T Y S T T St

Xe

Ordinary shadowing is process independent and is a -
“property” of the structure function in a nucleus TN
but Kopeliovich (hep-ph/0104256 & hep-ph/0205151) S
predicts a large difference between open-charm and
J/y shadowing

PHENIX will look for this in d-Au measurements by
comparisons between open- and closed-charm.

0.8 4

0.6 ] D—Dbar

0.4 §
0.2 4 W

0.0 -
-0.5 0.0 0.5

2/25/2004 Mike Leitch Xg 3
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» Los Alamos

Open charm from single muons
coming soon...

The PHENIX Muon arms give the
only capability for open charm at
RHIC in the (low x) shadowing
region!

* A large prompt component in the
single muon spectra (in blue in
figure) contains a large open
charm signal. Work is in progress
to correct it for significant
contributions from hadron punch
through.

» Open charm in dAu collisions at
mid-rapidity does not show any
suppression, i.e. scales with
#collisions from pp.

Prompt{Blue) and decay|Red) muans vs Pt - North

10

1w

i

—i— |’s from
—— meson decay

E wsfrom
| Charm & beauty | | :
pr (GeV)

Analysis led by LANL (Ming Liu)

2/25/2004 Mike Leitch
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a{loz;Alamos Eﬁﬁ'ﬁ:
But muon backgrounds from Light Meson Decays

are also a signal : forward hadrons from muons

(or one man's background is another man's signal...)
Ideas from & Analysis led by LANL (Ming Liu)

Separation from prompt muons via event
collision vertex distribution

0.012—
C h200
- Nent = 102 ]
0.01 — Mean = 27.23
L RMS = 50.65
Muon

detector I el
0.004 f
0.002 B
S I .
absorber -qIOO 5|0 0 5|0 100

Collisions Vertex Z
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/L% Alamos Physies-
Rep(Y): Muons from Light Meson Decays

Phenix Preliminary [r-» oy
1.8 1.8 1.8
160  00-20% 1.6  20-40% 1.6f  40-60%
1.4/ 1.4 1.4]
1 2+¢i 1.2_ii 1.2}

TS L T —
0.8-

0.8} 0.8} li
5 — ut+v 0.6 .'. 0.6} li- 0.6}
K® > ,ui +vy 0.4-P>1.5GeVic 04 — «— 0.4

W sys d Au

0.2 W N, 0.2 0.2/

ol 1 1 1 | oL L 11 | oL 1 I 1 |

2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2

Muon Rapidity y Muon Rapidity y Muon Rapidity y
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aﬁz; Alamos an%i;ﬁ';}’

Rp(Y): Muons from Light Meson Decays

Phenix Preliminary

Rcp we ¥ " 2
(e Little Charge Audirection g oo
::i: nn-zl:::ﬁu Dependence 15 20<n<-13 +
ch 1'_2“:?___}:{ _____ . (HO ObViOUS 1—-! ----------- i— """""" m
Tt K o6, *$s |€Gd'”9 parton 050 0 sys
S & & | effect) T,

oL L 1 1 1 I I I I |
2 -1 0 1 2 F.E 18 2 22 24 26 28
Muon Rapidity y Muon Pt (GeVic)
—
1.8 ddirection o ono
1.6} 00-20% 15 13<1<20 '
1.4_+ _ '

Rep "4 M m Flat pr o .
7T _,K_ g::: P; > 1.5 GeV/c -ii dependence 05l . L i
0.4 o sys ‘
0.2 mmm 5N,
S L 618 7 27 20 25 28
Muon Rapidity y Muon Pt (GeV/c)
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Lo Physic;s-

» Los Alamos

Let's Compare centrality PHENIX Preliminary 200 GeV
d@p@hdence of IlghT mesons Central/Peripheral Ratios
(r,K) or hadrons and J/y's 2.5 T AR T _
« J/y's have similar trends but | B stoppet hairons (met GeV) |
 a smaller effect in the : -j::w—i»}{
shadowing region oL Jy ABrahms () 1
- and much stronger effect in the _ E tomat _
Au direction oppod (no systematic errors) |
- pp1.5 GeV/c (r,K) or > 1 (hadrons) 'hadrons
might cause some differences from 15 |
J/yp X _
» production mechanism differences: E [ decay A d
+ J/w : gluon fusion g | mesons E A —
* hadrons : quark-gluon ~ gluon- <~ 4
gluon with former dominating at
higher p+
- particle mix differences | % _
» decays are only © & K (/K ~1) 05 } A [Brahms
* hadrons include protons (p/= ~ '
K/ n~0.3)
* Kharzeev thinking about Au gluon
field enhancement of J/y production O T Ty T T, Ty
as explanation for large effect at Rapidity

negative rapidity Mike Leitch e
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» Los Alamos

Simple expectation for AuAu
J/y's based on nuclear
dependence observed in dAu

* Renormalize model predictions to
dAu measurement (top panel).

» Then reverse RdAu and multiply by
itself (bottom panel)

* Variations between models not too
large at mid-rapidity, but
substantial in the large negative or
positive rapidity regions. Better
models (physics understanding)
might help, but a higher statistics
dAu baseline, especially in the pp
regions is needed.

« 2004 AuAu run: (1600 J/yp)/arm
expected for 130 ub!

* Challenge of pulling out J/w signal in
AuAu now being worked!

2/25/2004

RAUAu

1.5

Mike Leitch

JM dAu Ratios & predictions for AuAu

Physies-

PHENIX Preliminary 200 GeV

@FHEMNIX j.l.:j.l: =
. FPHENIX e'e -

— — - Kopeliovich * 1 .583
WVogt, FGS shad. * 0.987
— - — Vogt, EKS98 * 0.847

Rapidity
19



a{loz;Alamos ij
Other Physics Goals for the Future

-Some other future LANL focuses in the pp, dAu area:
- angular distibutions for J/y to try to determine
production mechanism
+ J/p and other signals vrs reaction plane, e.g. to better
isolate final-state effects
- Y’ as a cleaner physics window into shadowing and other
huclear effects (the y', unlike the J/y, has no feeddown
from higher mass resonances)
-open beauty from single muons at higher p+
* Y production and its nuclear dependence
* more exclusive studies of heavy-quark production using a
silicon vertex upgrade
* Most of these require higher luminosity running for dAu along
with similar pp runs for comparison.
* Many more details of the overall (PHENIX) plan in the
PHENIX 10-year plan (pA sections written mostly by yours
truly)

2/25/2004 Mike Leitch 20



» Los Alamos

- dAu J/y data suggests that gluon shadowing

Summary

is weak and that absorption is smaller than

expectations based on lower energy data; and

pr broadening is very similar to that seen at

lower energies

+ We will need more J/y’s to definitively

disentagle these effects. Another dAu run with
higher luminosity is needed.

- Open-charm results at forward and
backward rapidity will be coming from the

muon analysis soon and will shed further light

on the gluons and their shadowing

* Near the Au frame, at negative rapidity, a

dramatic centrality dependence in both J/y
and hadrons has been observed and challenges ch 1

theoretical models

- LANL is leading the Muon related analysis

efforts (e.g. dAu J/y and forward/backward

hadrons)

2/25/2004
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d-Au J¥ Ratios
FHENIX Preliminary 200 GeV

Physies-

1.6

RdAU .|

do/dY(dAu)/[2*197*do/dY (pp)]
© o o =
i~ [+ 1] - [j*]
|

o
(N

o

1.8

1.6
1.4
1.2

o.8
0.6
0.4
o.2

- 00 -20%
- m
| P,.:—‘I -5 GeVWVic
am sys
- SN,

o

-2 -1 O 1
Muon Rapidity vy
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» Los Alamos

10

o

—_
=

—k
=

fs

1/(2m*p,)*BR*d o/dydp (nb/(Ge V/c))
o

la

g
=]

Cross section versus p+

dAu J/'V PHENIX Preliminary

pp J/¥ — PHENIX Preliminary

BN

B Run3 (South, y=—1.7)
®Run3 (North, y=1.8)

N PP

\\ T
3.77[1+(p./3.29)7 N

s

<p; >=2.70(24) \

. JIVY —

1/(2m*p)*BR*d o/dydp_(nb/(GeV/c)')

2 a
p; (GeV/c)

107 ¢

[3+]

—_
=]

—_
=]

10

—

-—

s
s

S
b
N
="

J¥ - w

dAu
High x, ~ 0.09

N |

Low x2

- ~ooo3§

638[1+(p,/4 00)7" NN

N\
<p,’>=3.99(25) \ \\
Ay
o _\ \\

B Run3 dAu (South, y=—1.7) NN
®Run3 dAu (North, y=18) N

833[1+(p,/4 23)T"
\ \ <p; *s—4 47(25)

p; (GeVic)

A<p*> =
<Pr¥>gau = <pT2>pp
1.77 £ 0.35 GeV?
1.29 + 0.35 GeV?

(preliminary)

pt is broadened for dAu

Mike Leitch
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s Alamos

Centrality analysis

Physies-

Led by LANL (Jane Burward-Hoy & Mike Leitch)
Au breaks up in our south beam counter

BBC South

P
<«

ﬁpectator nucleons BBC North

x10”

<N__~>=3.2%20.3

coll

: 1 Peripheral

<N_,,>=15.0£1.0

coll
1 Central

Ph—
/ \
4mparﬁ;ipant nucleons

+ Define 4 centrality classes §™

- Relate centrality to <N_» ™

through Glauber computation

MB 000
b <NCO“> - 8.4 i 0.7 0

2/25/2004 Mike Leitch

L
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» Los Alamos

Fermilab E789: D° & B —» J/w X
(experience with charm & beauty using silicon)

Dimuon spectrometer
+

: ,,L:'"'"
ltl HE) s B->J/y+X
[J. II I upstream downstream
= W | | |
b
D'-16 plane SO“m 8 ) 7, < =5.5 mm 2, > 55 mm
pitch/8.5k strip silicon : Gl > 011 mim 0 > 01 mm
' 4 JW 2 £ 2evis U/ 26 + 6 evis
vertex detector ,
- A TR
——— I e T |
3KCD B C]
140 3 ) ZT{_?mm Ev}?fﬂm
‘ 4 18,51 > 0,15 mm 185 > 0.15 mm
;' J/ 0 evis /419 + 5 evts
1
0 | |
3 32 3.4 3 32 34

mp'w) (Gev/c’)

_= Mass (GeV/c?)

2/25/2004 Mike Leitch
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